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After hapten application, epidermal Langerhans cells migrate 
into the regional lymph nodes through dermal lymphatics. 
Recently, we have demonstrated that some of them take the 
phenotypic and functional characteristics si.milar to. those of 
in vitro cultured Langerhans cells, before disappeanng from 
the epidermis. To analyze the mechanisms underlying the 
migration of Langerhans cells, we studied the expression of 
several adhesion molecules on freshly isolated LC and cul-
tured LC. Pgp-l (CD44), intercellular adhesion molecule 1, 
and a4 integrin were strongly expressed on cultured Langer-
L angerhans cells (LC) are potent antigen-presenting cells in the skin. It has been reported by several authors that LC can take two different phenotypic and functional characteristics [1-5]. Namely, freshly isolated ones, probably those in the unstimulated epidermis, express 
much less class II major histocompatibility complex (MHC) anti-
gen, and show weaker syn~eneic and al~ogeneic T-cell stimulatory 
function, and potent antlgen-processmg capacIty. In contrast, 
short-term cultured LC express more class II MHC antigen, and 
have potent syngeneic and allogeneic T-cell-stimulatory function 
and decreased antigen-processing function. Recently, we have dem-
onstrated that the activated LC that have phenotypic and functional 
characteristics similar to cultured LC appear in the epidermis after 
hapten application [6]. Interestingly, even after high-dose hapten 
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Abbreviations: 
ATCC: American Type Culture ColIection 
cLC: cultured Langerhans celIs 
EC: epidermal cells 
FCS: fetal calf serum 
fLC: freshly prepared Langerhans cells 
ICAM-l: intercellular adhesion molecule 1 
LC: Langerhans celIs 
LPAM: lymphocyte Peyer's patch high endothelial venules adhe-
sion molecule 
MHC: major histocompatibility 
MoAb: monoclonal antibodies 
PBS: phosphate-buffered saline 
Pgp-l: CD44 
TNCB: 2,4,6,-trinitrochlorobenzene 
hans cells. Among them, only a4 integrin was strongly up-
regulated by cultured Langerhans cells, because its expression 
by freshly isolated Langerhans cells was very weak. This 
up-regulation of a4 integrin was also observed on ill vivo 
activated Langerhans cells in the epidermis and draining 
lymJ;'h nodes after hapten application. These data suggest a 
possIble role played by VLA-4 in the migration of Langer-
hans cells from the epidermis into the regional lymph nodes 
after hapten application. ] Invest Dermatol 100:143 -147, 
1993 
application, all LC .do not up-regulate class II MHC antigen. Only 
one half ~r one thIrd of LC in the epidermis up-regulate class II 
MHC antigen, and dIsappear from the epidermis 12 h after hapten 
application. Furthermore, Macatonia et al [7] have demonstrated 
that 12 h after hapten application, hapten-modified dendritic cells 
appear in the regional lymph nodes. These data suggest that in vivo 
activated LC, taking the phenorypic and functional characteristics 
similar to those of cultured LC (cLC), migrate from the epidermis 
into the regional lymph nodes. 
There has been accumulated evidence indicating that adhesion 
molecules play a crucial role in the migration of leukocytes, as 
reviewed by several authors [8 -to]. Therefore, it is reasonable to 
speculate th.at adh.esion mole~ules also mediate the migration ofLC 
from ~he epIdermIS to the regIOnal lymph nodes. To identify such an 
adheSIOn molecule, we have compared the expression of several 
adhesion molecules among freshly isolated LC (fLC), in vivo acti-
vated L~ in the epidermis and draining lymph nodes after hapten 
applIcatIOn, and cLC. We demonstrate here up-regulation of a4 
integrin on LC activated ill vivo by hapten application as well as 
on cLC. 
MATERIALS AND METHODS 
Mice Specific pathogen-free female C3H/HeN mice were ob-
tained from the Institute of Experimental Animals, Tohoku Univer-
sity School of Medicine. They were 8 to 10 weeks of age. 
Monoclonal Antibodies (MoAbs) We used the following 
monoclonal antibodies: anti-Pgp-l (CD44) (K.M81 [11]), anti-a4 
integrin (PS/2 [12]), anti - vitronectin receptor (VNR) (a) (RMV-7 
[13]), anti-Mac-l (~1/70 from the American Type Culture Col-
lectIOn [ATCC]) , antl-ll1tercellular adhesion molecule (ICAM-l) 
1 (YN/1 .74 from ATCC) , anti-I-A (b,d,q haplotypes) and anti-I-E 
(d, k haplotypes) (M5/114.5.2 from ATCC) , and anti-I-N (10.2.16 
from ATCC) antibodies. Fluorescein isothiocyanate (FITC) -
0022-202X/93/$06.00 Copyright © 1993 by The Society for Investigative Dermatology, Inc. 
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Figure 1. Two-color immunofluorescence analysis of freshly-prepared 
Langerhans cells and cultured Langerhans cells. The x-axis shows 10glO 
green fluorescence intensity obtained with FITC-conjugated anti-I-A' 
antibody (10.2.16). The y-axis represents loglo red fluorescence intensity 
with rat MoAbs to various adhesion molecules or control rat monoclonal 
antibody plus PE-labeled F(ab'), fraction of anti-rat Ig. fLC were stained 
with FlTC-conjugated 10.2.16 (x-axis) and anti-Pgp-1 antibody (a), anti-
a4 integrin (e), anti-vitronectin receptor (e), anti -ICAM-1 (g), MAC-1 (i), 
or rat control MoAb (k) plus PE-labeled F(ab'), fraction of anti-rat Ig 
(y-axis). Cultured LC were stained with FlTC-conjuga.ted 10.2.16 (x-axis) 
and anti - Pgp-1 antibody (b), anti-a4 mtegnn (d), anti-vltronectin recep-
tor (j) , a/lli - ICAM-l (iI), MAC-1 (j), or rat control MoAb (I) plus PE-la-
beled F(ab')z fraction of anti-rat Ig (y-axis). 
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conjugated 10.2.16 was kindly provided by Dr. Stephen I. Katz, 
National Cancer Institute, National Institutes of Health, Bethesda. 
Isotype-matched rat control MoAb (lgGa2;o and IgG2b ) and FITC-
conjugated mouse control IgG2b MoAb were purchased from Phar-
Mingen, San Diego, CA. 
Chemical Treatment and Cell Suspension Mice were painted 
on the ears either with 50111 of 3% 2,4,6,-trinitrochlorobenzene 
(TNCB) (Tokyo Kasei Laboratories, Tokyo, Japan) in 1 : 4 ace-
tone/olive oil or with 1: 4 acetone/olive oil as a control. Twenty-
four or forty eight hours after TNCB or vehicle treatment, epider-
mal cell suspensions were prepared. To examine the surface 
phenotype .oflymph node cells migrating from the skin, mice were 
painted on the shaved thorax and abdomen with 0.4 ml of 5 mg/ml 
ofFITC (isomer 1; Sigma Chemical Co., St. Louis, MO) in a 50: 50 
(vol/vol) acetone/dibutylphthalate (Wako Pure C hemical Inc., 
Tokyo, Japan) mixture. 
Culture Medium RPMI 1640 medium supplemented with 10% 
FCS, 2 mM glutamine (GIBCO Laboratories, Chagrin Falls, OH), 
penicillin, streptomycin, and fungizone antibiotic solution 
(GIDCO), non-essential amino acid solution (GIBCO), sodium py-
ruvate solution (GIBCO), 10 mM HEPES buffer solution 
(GIBCO), 5 X 10- 5 M 2-ME, and Illg/ml indomethacin (Sigma 
Chemical Co., St. Louis, MO) (complete medium) was used for the 
culture of epidermal cells. 
Preparation offLC Enriched Populations Single cell suspen-
sions of EC from the ears of non-treated and chemically treated 
C3H mice were prepared by using standard techniques [6] . To ob-
tain enriched fLC populations, these epidermal cell suspensions 
were applied onto Lympholite M gradients (Cedarlane laboratories 
Limited, Canada) and centrifuged at 1400 rpm for 10 min at room 
temperature. The interface cells were recovered, washed three 
times, and suspended in complete medium. In some experiments, 
single-cell suspensions of EC were obtained by treating the split 
skin sheets of ears with 1000 U / ml dispase (Sanko Pure Chemical 
Inc., Tokyo, Japan) in RPMI 1640 supplemented with 1 % fetal calf 
serum (FCS) for 2 h as described previously [14,15]. 
Preparation of Enriched cLC Populations Single-cell suspen-
sion of EC (1 X 10-7) were cultured in complete medium at 37 °C 
in 5% CO2 using 25-ml T flasks (Falcon, Falcon plastics, Oxnard, 
CA). After 72 h, the cell s were harvested by vigorous pipetting. 
These EC were also applied onto Lympholite M gradients and cen-
trifuged at 2500 rpm for 10 min at room temperature. The inter-
face cells were washed three times and suspended in complete me-
dium. 
Preparation of Lymph Node Cells Inguinal and axi llaty 
lymph nodes were taken from normal mice or those that had been 
painted with FITC 48 h before, and single cell suspensions were 
prepared by pressing the nodes through nylon mesh. 
Flow Cytometry For flow cytometry of adhesion molecules on 
ac and cLC, enriched aC populations and cLC populations were 
first incubated with various MoAbs against mouse adhesion mole-
cules or isotype-matched rat control antibodies for 30 min on ice, 
washed with phosphate-buffered saline (PBS) supplemented with 
1 % FCS and 0.02% NaN3 (washing buffer), and then incubated 
with phycoerythrin-conjugated F(ab'h fraction of anti-rat-Ig 
(Tago, Burlingame, CA) for 30 min on ice. After washing 3 times 
with washing buffer, cells were then serially treated with 10% 
normal mouse serum in PBS for 30 min and with FITC-conjugated 
10.2.16 or FITC-conjugated mouse control antibody for 30 min on 
ice. After washing 3 times with washing buffer, they were analyzed 
on a FACScan (Becton Dickinson). For flow cytometry of lymph 
node cells, lymph node cell suspensions were incubated with PS/2, 
M5/114.5.2, and isotype-matched rat MoAb for 30 min on ice, 
washed with washing buffer, and then incubated with PE-conju-
gated F(ab'h fraction of anti- rat-Ig (Tago, Burlingame, CA) for 30 
min on ice. After washing 3 times with washing buffer, they were 
analyzed on a FACScan. 
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Figure 2. Trypsin and dispase sensitivity of antigenic detenninant on a4 
integrin and Pgp-l. cLC were treated with either 0.5% trypsin in PBS for 
40 min or 1000 U/ml dispase for 2 h at 37°C. As a control, cLC were kept 
on ice. After incubation, these cLC were washed with PBS with 1 % FCS, 
stained for a4 integrin or Pgp-1, and examined on a FACScan. cLC kept 
on ice were also stained with non-reactive isotype-matched rat MoAb. 
Anti-a4 integrin antibody (-- ), anti-Pgp-1 antibody (-----), and con-
trol antibody ( ... .. ' ). 
Trypsin and Dispase Sensitivity of a4 Integrin and Pgp-l 
cLC were treated with either 0 ,5% trypsin in PBS for 40 min or 
1000 Ul ml dispase for 2 h at 37 °C. As a control, cLC were just 
incubated in PBS for 2 hat 37"C. After incubation, these cLC were 
washed with PBS with 1 % FCS, stained for a4 integrin and Pgp-l, 
and examined on a FACScan, 
RESULTS 
Expression of Adhesion Molecules on fLC and cLC fLC, 
which were isolated with the standard procedure using trypsin, 
expressed several adhesion molecules (Fig 1). N amely, in addition 
to the previously reported expression of MAC-l and ICAM-l 
[16,17], they expressed Pgp-1. On the other hand, cLC expressed 
MAC-I, ICAM-l , Pgp-l , and a4 integrin, When the expression of 
these adhesion molecules was compared for ftC and cLC, the latter 
exhibited a decreased MAC-l expression, and an increased ICAM-l 
and Pgp-l expression. Furthermore, cLC showed a strong a4 inte-
grin expression, making a striking contrast to its null expression on 
£LC. Other integrin such as the a chain of the vitronectin receptor 
was not expressed either on fLC or cLC. 
Trypsin and Dispase Sensitivity Although we recognized up-
regulation of Pgp-l and a4 integrin on cLC, we could not exclude 
the possibility that the treatment required for the isolation of ftC 
might have caused a destruction of antigenic determinant of Pgp- l 
and a4 integrin on ftc. Therefore we treated cLC with two stan-
dard enzymes used for isolating ftC, i.e., trypsin and dispase. The 
resultant data (Fig 2) showed that, in contrast to antigenic determi-
nant ofPgp-l, which was totally destroyed by these enzymes, anti-
genic determinant of a4 integrin was sensitive only to trypsin, but 
res istant to dispase treatment. 
Up-Regulation of a4 Integrin in In Vivo Activated LC and 
cLC Based on the retaining of antigenic determinant of a4 inte-
grin after dispase treatment, we isolated fLC by using dispase, and 
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Figure 3. Two-color immunofluorescence analysis of freshly prepared 
vehicle-~eated: 3% TNCB-.trea ted, and cultured Langerhans cells. fLC 
were stamed With FITC-conJugated 10.2.16 (x-axis) and rat control MoAb 
plus PE-Iabeled F(a?'h fraction of anti-rat Ig (y-axis) (a), and FITC-conju-
gated 10.2;16 (x-~XJs) and ~nti-a4 inte~n antibody (PS/2) plus PE-Ia-
beled F(ab )" fraction of anti-rat Ig (y-aXJs) (b). Langerhans cells obtained 
from the skin 48 h after treatment with vehicle (e), 24 h after 3% TNCB 
painting (d), 48 h after ~% TNCB painting (e) and cultured Langerhans 
cells (j) were stamed With FITC-conjugated 10.2 .16 (x-axis) and anti-a4 
integrin antibody (PS/2) plus PE-Iabeled F(ab'h fraction of anti-rat Ig 
(y-axiS). 
compared the expression of a4 integrin among non-treated ftC, 
vehicle-treated fLC , hapten-treated fLC 24 hand 48 h after TNCB 
painting, and cLC (Fig 3). When compared with isotype-matched 
controlantibody (Fig 3a), a4 integrin was expressed very weakly on 
fLC (Fig 3b). After hapten application, a4 integrin-bearing cells 
appeared among I-A k+ LC 24 h after TNCB painting (Fig 3d) , and 
almost half of them came to express a4 integrin 48 h after TNCB 
painting (Fig 3e). Again all the cLC strongly expressed a4 integri n 
(Fig 3f). 
Fluorescent Lymph Node Cells After Skin Painting with 
FITC Ex~r~ss a4 Integrin We examined the surface phenotype 
of the dra1l11l1g lymph node cells after skin painting with FITC. 
Forty-eight hours after skin FITC painting, approximately 1-2% 
of lymph node cells were brightly labeled wi th FITC (Fig 4b, e, h) 
when compared with non-treated control cells (Fig 4a,d,g ). To ana-
lyze the surface phenotype of FITC- labeled cells in lymph node 
cells, we gated only FITC-labeled cells using a C30 software of 
FACScan. More than 90% of FITC-labeled cells expressed Ia anti-
gen as well as a4 integrin . 
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Figure 4. Immunofluo-
rescence analysis of ax- Rat Ig Control 
iIlary and inguinal 
lymph node cells from 
normal mice or mice 
painted with FlTC. The 
x-axis shows loglo green 
fluorescence intensity 
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PE-Iabeled F(ab'h frac-
tion of anti-rat Ig. 
Lymph node cells from 
FlTC-painted mice were 
stained with control an-
tibody (h,c), MS/114.S.2 
(e,j ), and PS/2 (!I, i) plus 
PE-Iabeled anti-rat Ig. 
Lymph node cells from 
normal mice were 
stained with control an-
tibody (a), M5/114.S.2. a4 Integrin 
(d), and PS/2 (g). Only 
FITC-Iabeled cells were 
gated and analyze.d 
(c,j,i) . 
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LC migrate from the epidermis into the regional lymph nodes after 
hapten applicati~n thro.ug~ d~rmallymphatics [6 ,7 ~ 18]. There is 
accumulating eVidence mdlcatmg that several adheSion molecules 
play a crucial role in the migration of various leukocytes. Therefore 
we speculated that adhesion molecul~ might also media.te the. mi-
gration of LC, and that when LC migrate from the epidermiS to 
lymph nodes, they should change the expression of those adhesion 
molecule(s). We at first compared the expression of several adhe-
sion molecules berween fLC and cLC, because we have previously 
reported that ill vivo activated LC take the phenotypic and func-
tional characteristics similar to those of in vitro cultured LC [6] . 
Among the adhesion molecules we have examined, Pgp-l, ICAM-
1 and a4 integrin were more strongly expressed on cLC than fLC. 
However, because we used trypsin for preparing freshly prepared 
LC, we could not exclude the possibility that trypsin might have 
destroyed the anti genic determinants of these molecules, being ac-
companied by their seemingly lesser expression by fLc. Indeed, that 
was the case for Pgp-l and ICAM-l (unpublished data), and we 
could not demonstrate the up-regulation of these rwo molecules by 
cLC. However, at least we can interpret from our results that both 
fLC and cLC express Pgp-l and ICAM-1. Tang and Udey [17] also 
reported that both fLC and cLC expressed ICAM-1. Binding of 
lymphocytes to high endothelial venules, activated endothelial 
cells, or some cultured endothelial cells has been demonstrated to be 
mediated by Pgp-1 (CD44) [19-21] . Although both fLC and cLC 
express Pgp-1, it is a l ~o possible that Pgp-l on LC mediate their 
migration from the epidermiS to lymph nodes. In contrast to these 
rwo molecules, we showed that cLC expressed much more a4 inte-
grin than fL~ isolated by. dispa~e, which .does not destroy the anti-
genic determmant of a4 mtegnn expressIOn. Furthermore, we also 
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showed that LC obtained from the epidermis f ainted with TNCB 
up-regulated a4 integrin. Macatonia et al [7 reported that after 
FITC painting on the skin, FITC-Iabeled dendritic cells appeared in 
the draining lymph nodes, indicating the migration of LC after 
hapten painting. Our present analysis using this experimental sys-
tem demonstrated that such FITC-Iabeled cells in the draining 
lymph nodes expressed la antigen and a4 integrin, suggesting that 
LC migrating into the lymph nodes after hapten painting express 
a4 integrin. Although we could not exclude totally the possibility 
of contamination by cells other than dendritic cells, these data 
clearly demonstrate the up-regulation of a4 integrin on it! vivo 
activated LC as shown on cLC. 
According to the extensive review by Hynes [22]. integrins are a 
widely expressed family of cell surface adhesion receptors. They 
appear to be the major receptors by which cells attach to extracellu-
lar matrices, and some integrins also mediate important cell-cell 
adhesive events. All integrins are a/3 heterodimers. There are eight 
known /3 subunits and 14 known a subunits, and it is well known 
that LC express MaC-I, aMfl2 integrin [23]. Recently, Varlet et al 
[24] and Zambruno et al [25] have demonstrated some /31 integrins 
on human LC by the electron microscopic observation using im-
munogold, although there remain some controversial points be-
rween these reports. Furthermore Le et al [26] have demonstrated 
the crucial role ofVLA-3, VLA-5, and VLA-6 on human LC in it! 
vitro adhesion to fibronectin or laminin. In regard to the expression 
ofVLA-4, these authors demonstrated VLA-4 on LC in the epider-
mis, although no clear data have been provided about the difference 
in the expression of integrins berween fLC and cLC. Most of 
the study on /31 integrins on LC have been done on human LC. As 
far as we know, there are no definitive reports on /31 integrins of 
mouse LC. 
Recently, it becomes clear that the migration of T cells into the 
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lym h nodes are med!ated by several ~dhesi~n molecules, such as 
L-se1ection and integnns. Although It IS also 111vo lved 111 both neu-
trophil and lymphocy~e a.dhesion t? activated endothelial cells 
[27,28], L-selectin, w hich IS also designated LE~AM-l, Ml?L-14, 
and LAM-I, is a lymphocyte molecule m edlatmg Its hom111g to 
peripheral lymph nodes, although it .is also involved.in both neutro-
phil and lymphocyte adhesion to activated endothelial cells [27,28J. 
In the mouse, two integrin molecules, lymphocyte Peyer's patch 
high endothelial venu les adhesion molec~le 1 (LP AM-l) a~ld 
LP AM-2, each of which is composed of a4 mtegn~ but with dis-
tinct fl chains, have been implicate~ as receptors m edlat111g, lympho-
cyte migration to mucosal lymphoid organs, such as Peyer s patches 
[29,31]. In the pr~sen~ stud~, we demonstrated up-regul~tion of a4 
integrin on both Itl VIVO activated ~C after hapten applicatIOn and 
cLC. a4 integrin can associate with fll and fl7. Because of the 
limited numbers of MoAbs to mouse integrin molecules we can use, 
we could not examine whether LC express PI or fl7 [29,31] . There-
fore it is still not clear whether LC express VLA-4 (a4fll) or 
LP AM-I (a4fl7), although both fibronectin and VCAM-l have 
been reported to be the ligands for VLA-4 a~d LPAM-Q31] . In 
contrast to accumulatmg data about the expressIOn of adheSIOn mol-
ecules on vascular endothelial cells, there are no definite repo.rts ~n 
the adhesion molecules of lymphatic vessels. Therefore, It IS stili 
unknown how VLA-4 plays a role in the migration of LC from 
epidermis to lymph nodes through the lymphatic endothelial cells. 
This work was supported in part by funds from the Lydia O'leary Memorial Founda-
tion (SA), and by gra nt 04857100 from tlte Ministry of Education, Science and 
Culture ofJapatl. 
REFERENCES 
1. Schuler G, Steinman RM: Murine epidermal Langerhans cells mature 
into potent immunostimulatory dendritic cells in vitro. ] Exp Med 
161 :526-546, 1985 
2. Inaba K, Schuler G, Witmer MD, Valinsky ], Atassi B, Steiman RM: 
Immunologic properties of purified epider~al Langerhans cells. 
Distinct requirement for stimulation of unpnmed and sensitized T 
lymphocytes. ] Exp Med 164:605-613,1986 
3 . Streilein]W, Grammer SF: In vitro evidence that Lange~hans cells can 
adopt two functiona lly distinct forms capable of antigen presenta-
tion to T lymphocytes.] Immunol 143:3925 - 3933, 1989 
4. Romani N , Koide S, Crowley M, Witmer-Pack M, Livingstone AM, 
Fathman CG, Inaba K, Steiman RM: Presentation of exoge~o~s 
protein antigens by dendritic cells to T cell clones. Intact protell1 IS 
presented best by immature, epidermal Langerhans cells.] Exp Med 
169: 1169 - 1178,1989 
5 . Aiba S, Katz SI: The abi lity of cultured Langerhans ce lls to process and 
present protein antigens is MHC-dependent. ] Immunol 
146:2479 -2487,1991 
6. Aiba S, Katz SI: Phenotypic and functional characteristics of in vivo-
activated Langerhans cells.] Immunol 145:2791 - 2796, 1990 
7. Macatonia SE, Knight SC, Edwards A], Griffiths S, Fryer P: Localiza-
tion of antigen on lymph node dendritic cells after ~xposure to the 
contact sensitizer fluorescein isothiocyanate. Functlonal and mor-
phological studies. J Exp Med 166:1 654 - 1667, 1987 
8 . Springer TA: Adhesion receptors of the immune system. Nature 
346:425-434,1990 
9. Zimmerman GA, Prescott SM, McIntyre TM: Endothelial cell inter-
actions with granulocytes: tethering and signaling molecules. Im-
munol Today 13:93-100, 1992 
10. Shimizu Y, Newman W, Tanaka Y, Shaw S: Lymphocyte interactions 
with endothel ial cel ls. Immunol T oday 13:106 - 112, 1992 
11. Miyake K, Medina KL, Hayashi S-I, Ono S, Hamaoka T, Kincade PW: 
Monoclonal antibodies to Pgp-l jCD44 block Iympho-hemopolesls 
in long-term bone marrow cultures.] Exp Med 171:477 - 488, 1990 
12. Miyake K, Weissman IL, Greenberger JS, Kincade PW:. Evidence for a 
role of the integrin VLA-4 in lympho-hemopOlesls. ] Exp Med 
173:599 - 607, 1991 
a4 INTEGRIN ON LANGERHANS CELLS 147 
13. Takahashi K, Nakamura T, Koyanagi M, Kato K, H ashimoto Y, Ya-
gita H, Okumura K: A murine very late activation antigen-like 
extracellular matrix receptor involved in CD2- and lymphocyte 
function-associated antigen-l independent killer-taget cell interac-
tion.] ImmunoI1 45:437 1- 4379, 1990 
14. Aiba S, Mas uko T, Hosokawa M. Hashimoto Y: Monoclonal antibod-
ies to various morphologic skin components of human skin.] Invest 
DermatoI81:498-502,1983 
15. Koyama Y, Kobayashi M, Ohashi K, Nagao S, Niwa J, Takahashi H, 
Hoshino T, Marunouchi T: Isolation and culture of panning 
. method-enriched Langerhans cells from dispase-dissociated epider-
mal cells of the mouse. J Dermatol 17:211 - 217, 1990 
16. Romani N, Stingl G, Tschachler E, Witmer MD, Steinman RM, She-
vach E, Schuller G: The Thy-l bearing cells of murine epidermis. A 
distinctive leukocyte perhaps related to natural killer cells. ] Exp 
Med 161:1368-1383, 1985 
17. Tang A, Udey MC: Inhibition of epidermal Langerhans cell function 
by low dose ultraviolet B radiation. Ultraviolet B radiation selec-
tively modulates ICAM-l (CD54) expression by murine Langer-
hans cells. ] Immunol 146:3347 - 3355, 1991 
18. Silberberg-Sinakin I, Thorbecke G], Baer RL, Rosenthal SA, Bere-
zowsky V: Antigen-bearing Langerhans cells in skin, dermal lym-
phatics and in lymph nodes. Cellular Immunology 25:137 - 151, 
1976 
19. ]alkanen S, Bargatze RF, Toyos ]DL, Butcher EC: Lymphocyte recog-
nition of high endothelium: antibodies to distinct epitopes of an 
85-95-kD glycoprote in antigen differentially inhibit lymphocyte 
binding to lymph node, mucosal, or synovial endothelial cells.] Cell 
BioI 983 - 990, 1987 
20. Oppenheimer-Marks N , Davis LS, Lipsky PE: Human T lymphocyte 
adhesion to endothelial cells and transendothelial migration. Alter-
ation of receptor use relates to the activation status of both the T cell 
and the endothelial ceI l. J ImmunoI145:140 - 148, 1990 
21. Culty M, Miyake K, Kincade PW, Silorski E, Butcher EC, Underhill 
C: The hyaluronate receptor is a member of the CD44 (H-CAM) 
fami ly of cell surface glycoproteins. ] Cell BioI 111 :2765 -2774, 
1990 
22. Hynes RO: Integrins: A family of cell surface receptors. Cell 48:549 -
554, 1987 
23. Romani N, Tschachler E, Schuler G, Aberer W, Ceredig R, Elbe A, 
Wolff K, Fritsch PO, Stingl G: Morphological and phenotypical 
characterization of bone marrow-derived dendritic Thy-I-positive 
epidermal cells of the mouse. J Invest Dermatol 85:91S- 95S, 1985 
24. Varlet BL, Dezutter-Dambuyant C, Staquet M], Delorme P, Schmitt 
0: Human epidermal Langerham cells express integrins of the PI 
subfamily. J Invest Dermatol 96:518-522, 1991 
25. Zambruno G, Manca V, Santantonio ML, Soligo 0, Giannetti A: VLA 
protein expression on epidermal cells (keratinocytes, Langerhans 
cells, melanocytes): a light and electron microscopic immunohisto-
chemical study. Br] Dermatol 124: 135 - 145, 1991 
26. Le VB, Staquet M], Dezutter DC, Delorme P, Schmitt 0: In vitro 
adhesion of human epidermal Langerhans cells to laminin and fibro-
nectin occurs through beta 1 integrin receptors. ] Leukocyte BioI 
51:415 - 420,1992 
27. Gallatin WM, Weissman IL, Butcher EC: A cell-surface molecule 
involved in organ-specific homing of lymphocytes. Nature 
304:30-34,1981 
28. Lewinsohn OM, Bargatze RF, Butcher EC: Leukocyte-endothelial 
cell recognition: evidence of a common molecular mechanism 
shared by neutrophils, lymphocytes, and other leukocytes. J Im-
munol138 :4313 - 4321,1987 
29. Holzmann BB, Mcintyre W, Weissman IL: Identification of a murine 
Peyer's patch-specific lymphocyte homing receptor as an integrin 
molecule with an a chain homologous to human VLA-4 a. Cell 
49:37 - 46, 1989 
30. Elices MJ , Osborn L, Takada Y, Crouse C, Luhowskyj S, Hemler ME, 
Lobb RR: VCAM-l on activated endothelium interacts with the 
leukocyte integrin VLA-4 at a site distinct from the VLA-4/fibro-
ncctin biding site. Cell 60:577 - 584, 1990 
31. Ruegg C, Postigo AA, Sikorski EE, Butcher EC, Pytela R, Erie DJ: 
Role of integrin a4P7 /a4fJP in lymphocyte adherence to fibronec-
tin and VCAM-l and in homotypic cel l clustering. J Cell BioI 
117:179- 189, 1992 
